






IMPLEMENTING CHILDHOOD ORAL CARE IN GENERAL DENTISTRY 












A thesis submitted to the faculty at the University of North Carolina at Chapel Hill in partial 
fulfillment of the requirements for the degree of Master of Science in Dentistry in the UNC 

































































Morgan Catherine Hess 














Morgan Hess:  Implementing Childhood Oral Care in General Dentistry Practices: A Business 
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General dentists are able to provide most oral health well-care in early childhood; 
however, the financial viability of seeing these patients has not been demonstrated and is 
questioned.  We developed a business model that general dentists can use to input their 
individual practice and financial parameters.  We used evidence from the literature to inform 
model development and validated parameter values via a survey questionnaire.  We used Monte 
Carlo simulations and sensitivity analyses to evaluate the performance of the model and 
determine the influence of input parameter changes.  Ten influential practice parameters were 
identified, such as patient retention rate and insurance profile.  Mean values obtained from the 
survey include: 9.6% Medicaid patients; 79% annual patient retention rate; 72% case acceptance 
rate. Using these input values, we found that implementation of childhood oral care in a general 
dentistry office is financially beneficial, and that certain parameters affect the outcome more than 




















This thesis is dedicated to my fiancé, Scott, 
and the entire Hess family  
for their endless patience and support, tireless encouragement,  











This project is the result of a collaboration with my thesis advisor, Dr. Sigurdur 
Saemundsson.  Thank you for allowing me to work on an unconventional project, for pushing 
my boundaries, and for keeping me grounded.   
 
I would also like to thank my thesis committee members, Dr. Rocio B. Quiñonez and Dr. 
Bradley Staats for challenging my ideas and making yourselves available to me.  This project 









TABLE OF CONTENTS 
 
LIST OF TABLES .................................................................................................................... vii  
LIST OF FIGURES ................................................................................................................... ix 
LIST OF ABBREVIATIONS...................................................................................................... x 
CHAPTER 1: INTRODUCTION ................................................................................................ 1 
CHAPTER 2:  METHODS ......................................................................................................... 4 
 Section 2.1: Model Development ..................................................................................... 4 
 Section 2.2:  Survey Development and Distribution  ...................................................... 11 
 Section 2.3:  Model Testing ........................................................................................... 14 
 Section 2.4: Sensitivity Analysis .................................................................................... 15 
CHAPTER 3:  RESULTS ......................................................................................................... 17 
 Section 3.1: Survey Results ........................................................................................... 17 
 Section 3.2: Survey and Model Synthesis ...................................................................... 19 
 Section 3.3: Private Practice Parameters and Model Synthesis ....................................... 21 
 Section 3.4: Input Sensitivity Analysis ........................................................................... 24 
CHAPTER 4:  DISCUSSION ................................................................................................... 28 
CHAPTER 5:  CONCLUSIONS ............................................................................................... 35 




LIST OF TABLES 
Table 1. Model inputs and their descriptions ............................................................................... 4 
 
Table 2.  Cost of supplies ............................................................................................................ 6 
 
Table 3.  Estimated cost per visit based on ADA code ................................................................. 7 
 
Table 4.  Non-Medicaid fee schedule .......................................................................................... 8 
 
Table 5. Medicaid fee schedule ................................................................................................... 8 
 
Table 6.  bOHP patients per year ............................................................................................... 10 
 
Table 7. Referral patients a year ................................................................................................ 11 
 
Table 8.  Survey composition .................................................................................................... 12 
Table 9. Input sensitivity choices............................................................................................... 16 
Table 10. Survey distribution .................................................................................................... 18 
Table 11. Survey results ............................................................................................................ 19 
Table 12. Inputs from survey utilized in model .......................................................................... 19 
Table 13. Results from table 12 inputs utilized in model ............................................................ 20 
Table 14. Inputs from private practice utilized in model ............................................................ 22 
Table 15. Results from table 14 inputs utilized in model ............................................................ 22 
Table 16. Input 1 sensitivity analysis ......................................................................................... 24 
Table 17. Input 2 sensitivity analysis ......................................................................................... 25 
Table 18. Input 3 sensitivity analysis ......................................................................................... 25 
Table 19. Input 4 sensitivity analysis ......................................................................................... 25 
Table 20. Input 5 sensitivity analysis ......................................................................................... 26 
Table 21. Input 6 sensitivity analysis ......................................................................................... 26 
Table 22. Input 7 sensitivity analysis ......................................................................................... 26 
Table 23. Input 8 sensitivity analysis ......................................................................................... 27 
 
 viii 
Table 24. Input 9 sensitivity analysis ......................................................................................... 27 
Table 25. Input 10 sensitivity analysis ....................................................................................... 27 




LIST OF FIGURES 
Figure 1. Yearly added income incorporating early child oral care ............................................ 21 
Figure 2. Cumulative added income incorporating early child oral care ..................................... 21 
Figure 3. Yearly added income incorporating early child oral care in a private practice in  
Iowa .............................................................................................................................. 23 
Figure 4. Cumulative added income incorporating early child oral care in a private practice in 
Iowa .............................................................................................................................. 24 
Figure 5. Graphical depiction of input 1 sensitivity analysis ...................................................... 24 
Figure 6. Graphical depiction of input 2 sensitivity analysis ...................................................... 25 
Figure 7. Graphical depiction of input 3 sensitivity analysis ...................................................... 25 
Figure 8. Graphical depiction of input 4 sensitivity analysis ...................................................... 25 
Figure 9. Graphical depiction of input 5 sensitivity analysis ...................................................... 26 
Figure 10. Graphical depiction of input 6 sensitivity analysis .................................................... 26 
Figure 11. Graphical depiction of input 7 sensitivity analysis .................................................... 26 
Figure 12. Graphical depiction of input 8 sensitivity analysis .................................................... 27 
Figure 13. Graphical depiction of input 9 sensitivity analysis ................................................... .27 




LIST OF ABBREVIATIONS 
bOHP   Baby Oral Health Program  
BW   Bitewings 
NPE   New Patient Exam 
PAN   Pantomograph 
PK   Pack 
PTS   Patients 
RC   Recall  
STDEV  Standard Deviation 








CHAPTER 1:  INTRODUCTION 
 
Progress has been made regarding caries prevalence in the permanent dentition, but this 
trend has not been mirrored in the primary dentition1,2.  Caries remains the most common chronic 
childhood disease; five times more common than asthma and 20 times more common than 
diabetes, with rates increasing in children aged 2-5 from 24% to 28% between 1988-1994 and 
1999-20042.  In 2012, nearly 40% of children aged 2-8 experienced dental caries, with rates 
disproportionately higher in Hispanics and those who qualify for Medicaid insurance1.  In a 2010 
report by the surgeon general, oral health was described as a “silent epidemic,” emphasizing the 
severity of this public health concern3.   
Discrepancies on the age of the first dental visit have existed between organizations.  While 
Pediatric Dentistry has recommended the age one visit since 19964, it was not until 2003 that the 
American Academy of Pediatrics came on board and recommended a shift from age three to age 
one5–7.  Delaying the age 1 dental visit increases the risk of disease in the primary dentition2, that 
can lead to a number of subsequent issues including increased risk of dental caries in the permanent 
dentition, increased time off work for the caregiver and time out of school for the child, increased 
pain and use of over the counter analgesics, increased risk of infection with possible severe 
morbidity and mortality, and increased familial and societal cost8.  Numerous studies have been 
conducted evaluating the effectiveness of the age 1 dental visit. One such study supported the age 
1 dental visit by emphasizing the importance of establishing a dental home for children9.  This 
dental home serves multiple purposes such as providing families with emergency and preventive 
services and aiding in the establishment of a relationship with a dental professional, which can 
lead to decreased anxiety in children9. While a systematic review indicated the evidence to support 
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the age 1 dental visit is weak10, studies generally indicate that by implementing this age 1 dental 
visit, we can decrease the amount of dental disease a child will experience, thus decreasing dentally 
related costs11–13.  This has also been demonstrated in the medical literature by having pediatricians 
deliver preventive oral health services in the medical home and a significant decrease in caries 
related treatments14.  However, even with this evidence, a critical discrepancy exists preventing 
young children from accessing care.   
To become a pediatric dentist, a dental graduate must complete at a minimum 24 months 
of advanced training aimed at arming the graduate with the knowledge and expertise needed to 
provide comprehensive preventive and therapeutic oral healthcare to infants, children, adolescents, 
and those with special health care needs15.  Upon graduating, pediatric dentists are equipped with 
the knowledge and advanced skills of behavior guidance that allow them to therapeutically treat 
dental disease in children.  However, general dentists outweigh pediatric dentists 20:1, thus the 
safety net for children’s preventive oral health often lies with the general dentist16.  A relatively 
recent study conducted in North Carolina indicated that while 75-99% of general dentists believe 
at risk one year olds need a dental home, less than half are willing to accept these patients into 
their practice17.  Reasons commonly cited for this contraindication are a general dentist’s 
discomfort and inexperience with small children, office disruption due to children crying, and 
inadequate reimbursement18.  To increase a general dentist’s comfort with young children, 
improved training in infant oral health is needed as several studies have shown an inadequacy in 
pre-doctoral training and experience with the pediatric population19–21.  An improved knowledge 
and education in pediatric dentistry, as well as utilizing a “quiet op” for the practices’ youngest 
patients, can help limit office disruptions.  Our paper aimed to address on the latter argument 
against seeing pediatric patients, namely a lack of reimbursement.  We aimed to show that although 
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reimbursement for these patients may be lower due to the procedures they tend to require, including 
children in a practice’s patient population can have a financial benefit.  
The economics of a dental practice in the United States is a dynamic process, with the past 
decade witnessing a decline in dental utilization among young adults beginning in 200322. This 
drift has in part resulted in nearly one third of general dentists describing themselves as being “not 
busy enough”23.  Although decreasing in young adults, dental care utilization has been increasing 
steadily in children since 1996, reaching an all-time high in 2013 and remaining steady22.   
We believe that with increased capacity in general dental offices, especially among recent 
graduates, that caring for young children and fostering a lifelong patient-clinician relationship will 
benefit the dentists financially. We aim to examine the influence of excluding or including this 
population in clinical practice and its short and long-term financial impact.   To accomplish this, 
we developed a customizable business model where general dentists can utilize their own practice 
parameters to assess how incorporating a child oral health care program will affect their practice 









CHAPTER 2:  METHODS 
 
This study (#18-1270) was reviewed by the Office of Human Research Ethics and was 
determined to be exempt.   
 Our project consisted of 4 major components.  The first was model development, which 
was ongoing.  The second was survey development and distribution.  The third component was 
testing the model.  We examined the survey information gleaned and input it into the model, and 
further tested it via obtaining inputs from an actual general dental practice and inputting them 
into the model.  The fourth component was testing input sensitivity. Each portion will be 
discussed separately.   
Section 2.1: Model Development   
 Along with our colleagues from the business school, via a systematic and information 
gathering approach, we determined what input values we would incorporate into our model. 
Meaning what practice characteristics could conceivably affect the income gained from 
incorporating a child oral health program.  [As a note, bOHP, or the Baby Oral Health 
Program24, is a program that was developed at UNC.  Its function is to provide practitioners with 
the knowledge, skills, and resources needed to confidently see and treat the youngest of patients.  
Throughout this document, the bOHP abbreviation will be used to represent a practice beginning 
to incorporate a child oral health program.]  Together, we came up with 10 input values (table 1).  
Input Input Shorthand Description 
1. Capacity for new patients 
a week 
NPE/week This input is aimed at trying to deduce a practice’s capacity for bOHP patients, and 
is under the obvious assumption that a practice is not at max capacity. Upon 
collaboration with dentists who performed these types of exams, we estimated each 
exam would take about 30-45 minutes.  We further prompted practitioners by 
stating these exams can be delegated to auxiliary staff, thus these exams most often 
are not taking up a dentist’s valuable chair time.   
2. Weeks practiced/year Weeks practiced/yr This input is used to determine how many bOHP exams a practice can handle a 
year.  The ‘roof’ for child new patient exams is found by multiplying capacity for 
new patient exams by weeks practiced a year.  
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3. Practice case acceptance Case Acceptance This input value takes into account that not every patient who comes in for a new 
patient exam will become a lifelong patient.  This input value, when multiplied by 
input value 2, allows us to determine how many bOHP patients will return after the 
initial exam and hopefully become a lifelong patient.  
4.Referral 
patients/established patient 
Referral patients Retaining existing patients and a stream of new patients helps sustain and possibly 
more importantly, grow a successful dental practice.  A large part of marketing is 
by word of mouth and by existing patients referring or bringing in new patients.  
This input value takes into account how many new patients that original bOHP 
patient will bring into a practice.   
5. Practice retention rate Retention rate Patients move, transfer care, fail preventive visits, and do not contribute actively to 
a practice.  This input value takes this into account. 
6. Practice recall interval RC interval Although recall intervals should ideally be individualized, often a recall interval of 
6 months is what practices strive for.  This consists of seeing a patient twice a year 
for preventive maintenance.  This is often not the case, and this input value takes 
into account the true recall interval a practice averages. 
7. Practice bitewing 
frequencies 
BW frequency This input value will vary according to practice philosophy and caries rate.  This 
input value allows practices to individualize the model based on their own practice 
parameters. 
8. Percent of first/second 
molars that are sealed 
Sealant percentage This input value will also vary according to practice philosophy and caries rate.  
This input value allows practices to individualize the model based on their own 
practice parameters. 
9. Percent of practice with 
Medicaid insurance 
Medicaid percentage This input is used to determine the financial returns from patients with Medicaid 
insurance. The average Medicaid reimbursement is 49.4%25 of fees charged by a 
dentist, although this value changes with each state.  Medicaid fees are calculated 
by multiplying non-Medicaid fees, which are based on national averages, by 0.494.  
A practitioner can accept this ~50% reimbursement rate or they are able to change 
the reimbursement rate, and thus the multiplication factor if they know their state’s 
reimbursement rate.  
10. Patients until practice is 
at max capacity 
Pts until max   bOHP patients are likely very different in their needs and the attention/time the 
practice needs to devote to these patients.  While the ‘bOHP’ roof is calculated by 
multiplying input 1 by input 2, we added a second roof for these bonus/referral 
patients.  This input is used as the roof for those patients.  
Table 1. Model inputs and their descriptions.  
 By seeing these patients at such a young age, the goal would be to prevent dental disease.  
Because of this, in our model, the financial return from seeing these patients is derived strictly 
from preventive/recall appointments only.  We then created two separate fee schedules to 
visualize the dollar amount gained from seeing these patients per year.  A major assumption of 
this model is that a practice must have some capacity in which to see these patients.  Because of 
this, we are assuming the practice is already running and that there is sufficient staff and space to 
see these patients.  To determine these fee schedules, the profit is found by subtracting the cost to 
the dentist from the charge to the patient; Profit = (Charge to Patient) – (Cost to Dentist).  The 
patient charge was found by utilizing the ADA Survey of Dental Fees26 and the cost to the 
dentist was found by adding the tangibles needed for each dental visit, i.e gauze, prophy head, 
prophy paste, varnish, etc.  An identical fee schedule was created for patients with Medicaid 
insurance, except the charge to the patient was multiplied by the national average Medicaid 
reimbursement percentage, which is 49.4%25.  These numbers are all customizable if a dentist 
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wishes to further tailor the model.  The majority of material cost estimates were based on pricing 
from Henry Schein27; sealant cost estimates were  obtained from a paper by Neidell et. al which 
explores cost effectiveness of sealants vs. fluoride varnish28.  The following tables further 
breakdown cost analysis (tables 2, 3) and fee schedules (tables 4, 5).   Some assumptions used in 
calculating the fee schedules are as follows: D0150 (new patient exam) begins at age 1, D0145 
(oral evaluation <3) for those younger than 3, D0120 (recall) for those over age 3, fluoride 
varnish at every preventive visit, D1120 (children’s prophylaxis) for those 5-12 (assuming 
toothbrush prophylaxis before this), D1351 (adult prophylaxis) for those 13 and older, D0272 (2 
BW’s) obtained at age 5 when posterior teeth begin to touch, D0274 (4 BW’s) obtained at age 12 
when second molars are erupted, D0330 (PAN) taken once at 8 years of age, D1351 (sealants) at 
age 7 when first molars are erupted, and at age 13 when second molars are erupted.  As a note, 
only indirect costs were included.  An underlying assumption of the model is that the practice 
has capacity to see these patients in terms of space and staff, therefore overhead costs were not 
taken into account. 
Supplies Henry Schein27 Unit Price Supplies/Visit Visit Price 
Toothpaste $23.99/case (72/case) $0.33 1 $0.33 
Toothbrush $13.49/box (12/box) $1.12 1 $1.12 
Gauze $6.49/pk (200/package) $0.03 4 $0.12 
Fluoride Varnish $207.00/box (100/box) $2.07 1 $2.07 
Floss $48.99/box (144/box) $0.34 1 $0.34 
Prophy paste $63.99/box (200/box) $0.32 1 $0.32 
Disposable 
Prophy Head  
$31.99/pk (100/pk) $0.32 1 $0.32 
Air/Water 
Syringe 
$55.99/bag (250/bag) $0.22 1 $0.22 
Saliva Ejector  $3.79/bag (100/bag) $0.04 1 $0.04 
High Evac 
Suction 
$22.79/box (200/box) $0.11 1 $0.11 
Gloves $98.99/case (1000/case) $0.10 4 (2 for doctor/2 for 
assistant) 
$0.40 
Mask $13.99/box (50/box) $0.28 2 (1 for doctor/1 for 
assistant) 
$0.56 
Patient Napkin $38.99/case (500/case)  $0.08 1 $0.08 
Wipes $16.79/can (160/can) $0.10 4 $0.40 
Bitewing Films 
(Size 2, Speed F)  
$140.99 (50/box) $2.82 2/4 2 ($5.64) 
4 ($11.28) 
Sealants Includes personal protective equipment, etching gel, primer, sealants, and tips, and were 
estimated at a cost of USD 19.56 per child28 
 
$19.56/child 






Supplies Henry Schein Unit Price Supplies/Visit Visit Price 
D0150 Oral Eval Cost 
Gloves $98.99/case (1000/case) $0.10 4 (2 for doctor/2 for 
assistant) 
$0.40 
Mask $13.99/box (50/box) $0.28 2 (1 for doctor/1 for 
assistant) 
$0.56 
Patient Napkin $38.99/case (500/case)  $0.08 1 $0.08 
Gauze $6.49/pk (200/package) $0.03 4 $0.12 
Wipes $16.79/can (160/can) $0.10 4 $0.40 
Toothpaste $23.99/case (72/case) $0.33 1 $0.33 
Toothbrush $13.49/box (12/box) $1.12 1 $1.12 
TOTAL VISIT COST $3.01 
DO145 Oral Eval (<3) Cost  
Gloves $98.99/case (1000/case) $0.10 4 (2 for doctor/2 for 
assistant) 
$0.40 
Mask $13.99/box (50/box) $0.28 2 (1 for doctor/1 for 
assistant) 
$0.56 
Patient Napkin $38.99/case (500/case)  $0.08 1 $0.08 
Gauze $6.49/pk (200/package) $0.03 4 $0.12 
Wipes $16.79/can (160/can) $0.10 4 $0.40 
Toothpaste $23.99/case (72/case) $0.33 1 $0.33 
Toothbrush $13.49/box (12/box) $1.12 1 $1.12 
TOTAL VISIT COST $3.01 
DO120 Recall Cost  
Gloves $98.99/case (1000/case) $0.10 4 (2 for doctor/2 for 
assistant) 
$0.40 
Mask $13.99/box (50/box) $0.28 2 (1 for doctor/1 for 
assistant) 
$0.56 
Patient Napkin $38.99/case (500/case)  $0.08 1 $0.08 
Gauze $6.49/pk (200/package) $0.03 4 $0.12 
Wipes $16.79/can (160/can) $0.10 4 $0.40 
Toothpaste $23.99/case (72/case) $0.33 1 $0.33 
Toothbrush $13.49/box (12/box) $1.12 1 $1.12 
TOTAL VISIT COST $3.01 
DO1206 Fluoride Varnish Cost   
Fluoride Varnish $207.00/box (100/box) $2.07 1 $2.07 
TOTAL VISIT COST  
DO272 2 BW’s Cost 
Bitewing Films (Size 2, 
Speed F)  
$140.99 (50/box) $2.82 2 $5.64 
TOTAL VISIT COST $5.64 
DO24 4 BW’s Cost 
Bitewing Films (Size 2, 
Speed F)  
$140.99 (50/box) $2.82 4 $11.28 
TOTAL VISIT COST $11.28 
D1120 Prophy <13 Cost 
Air/Water Syringe $55.99/bag (250/bag) $0.22 1 $0.22 
Saliva Ejector  $3.79/bag (100/bag) $0.04 1 $0.04 
Floss $48.99/box (144/box) $0.34 1 $0.34 
Prophy paste $63.99/box (200/box) $0.32 1 $0.32 
Disposable Prophy Head  $31.99/pk (100/pk) $0.32 1 $0.32 
TOTAL VISIT COST $1.24 
D1120 Prophy <13 Cost 
Air/Water Syringe $55.99/bag (250/bag) $0.22 1 $0.22 
Saliva Ejector  $3.79/bag (100/bag) $0.04 1 $0.04 
Floss $48.99/box (144/box) $0.34 1 $0.34 
Prophy paste $63.99/box (200/box) $0.32 1 $0.32 
Disposable Prophy Head  $31.99/pk (100/pk) $0.32 1 $0.32 
TOTAL VISIT COST $1.24 
D1351 Sealant Cost  
Sealants Includes personal protective equipment, etching gel, primer, sealants, and tips, and 




TOTAL VISIT COST  $19.56 





D0145 (Oral Eval) 
Age <3
D0120 (Recall)     
Age 4+ D1206 (Fluoride)
D0272 (2 BW's)    
Age 5-11




D1120 (Prophy <13) 
Age 5-12
D1110 (Prophy >13) 
Age 13-18
D1351 (Sealants)    
At age 7/13 TOTAL/YEAR:
Patient Cost $83.97 $64.12 $53.01 $41.47 $48.87 $68.63 $119.88 $71.54 $96.04 $56.77 
Dentist Cost $3.01 $3.01 $3.01 $2.07 $5.64 $11.28 $1.24 $1.24 $19.56 
Profit $80.96 $61.11 $50.00 $39.40 $43.23 $57.35 $119.88 $70.30 $94.80 $37.21 Years Inc rporating 
bOHP
1 1 0.714285714 1.714285714 $192.15 
2 1.714285714 1.714285714 $172.30 
3 1.714285714 1.714285714 $153.26 
4 1.714285714 1.714285714 1.714285714 $273.77 
5 1.714285714 1.714285714 1.00 1.714285714 $317.00 
6 1.714285714 1.714285714 1.00 1.714285714 $317.00 
7 1.714285714 1.714285714 1.00 1.714285714 2.62 $414.49 
8 1.714285714 1.714285714 1.00 1 1.714285714 $436.88 
9 1.714285714 1.714285714 1.00 1.714285714 $317.00 
10 1.714285714 1.714285714 1.00 1.714285714 $317.00 
11 1.714285714 1.714285714 1.00 1.714285714 $317.00 
12 1.714285714 1.714285714 1.00 1.714285714 $331.12 
13 1.714285714 1.714285714 1.00 1.714285714 2.62 $470.61 
14 1.714285714 1.714285714 1.00 1.714285714 $373.12 
15 1.714285714 1.714285714 1.00 1.714285714 $373.12 
16 1.714285714 1.714285714 1.00 1.714285714 $373.12 
17 1.714285714 1.714285714 1.00 1.714285714 $373.12 
















Table 5. Medicaid fee schedule  
We cannot assume that the referral patients are also bOHP patients, rather they might be a 
parent, grandparent, other family member, etc., who would contribute a different dollar amount 
to the practice.  Because of this, the profits from these referral patients are based on the average 
worth of a patient in a general dental practice, which would incorporate both preventive and 
restorative procedures.  To determine this number, we performed a review of practice 
management literature and from the numbers found within our search, we came up with a 
number somewhat in the middle29–33.  We elected to set the worth of each referral patient at 
$650. For patients with Medicaid insurance, again we decided to multiply the $650 by 49.4%25.  
Furthermore, we elected to have the referral patients enter the practice 1 year after the bOHP 
patients.  Thus, if we start incorporating bOHP into our practice at year 1, we will not see income 
from referral patients until year 2.   
D0150 (Oral Eval)
D0145 (Oral Eval) 
Age <3
D0120 (Recall)     
Age 4+ D1206 (Fluoride)
D0272 (2 BW's)    
Age 5-11




D1120 (Prophy <13) 
Age 5-12
D1110 (Prophy >13) 
Age 13-18
D1351 (Sealants)    
At age 7, 13 TOTAL/YEAR:
Patient Cost $41.48 $31.68 $26.19 $20.49 $24.14 $33.90 $59.22 $35.34 $47.44 $28.04 
Dentist Cost $3.01 $3.01 $3.01 $2.07 $5.64 $11.28 $1.24 $1.24 $19.56 
Profit $38.47 $28.67 $23.18 $18.42 $18.50 $22.62 $59.22 $34.10 $46.20 $8.48 
Years Incorporating bOHP
1 1 0.714285714 1.714285714 $90.52 
2 1.714285714 1.714285714 $80.71 
3 1.714285714 1.714285714 $71.30 
4 1.714285714 1.714285714 1.714285714 $129.76 
5 1.714285714 1.714285714 1.00 1.714285714 $148.26 
6 1.714285714 1.714285714 1.00 1.714285714 $148.26 
7 1.714285714 1.714285714 1.00 1.714285714 2.62 $170.49 
8 1.714285714 1.714285714 1.00 1 1.714285714 $207.48 
9 1.714285714 1.714285714 1.00 1.714285714 $148.26 
10 1.714285714 1.714285714 1.00 1.714285714 $148.26 
11 1.714285714 1.714285714 1.00 1.714285714 $148.26 
12 1.714285714 1.714285714 1.00 1.714285714 $152.38 
13 1.714285714 1.714285714 1.00 1.714285714 2.62 $195.36 
14 1.714285714 1.714285714 1.00 1.714285714 $173.13 
15 1.714285714 1.714285714 1.00 1.714285714 $173.13 
16 1.714285714 1.714285714 1.00 1.714285714 $173.13 
17 1.714285714 1.714285714 1.00 1.714285714 $173.13 
18 1.714285714 1.714285714 1.00 1.714285714 $173.13 
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 After we determined the fee schedules for bOHP patients (Medicaid and non-Medicaid, 
preventive income only) and referral patients (Medicaid and non-Medicaid, preventive and 
restorative income) we needed to figure out patient numbers.  To begin, for total bOHP patients a 
year, we took input 1 (NPE/week) and multiplied it by input 2 (weeks practiced/yr).  This 
number becomes the ceiling for the number of bOHP patients a practice can handle.  As the 
provider begins the second year incorporating this program, the number of bOHP patients seen in 
year 1 is multiplied by input 3 (case acceptance).  Every year after, this number of patients is 
multiplied by input 4 (retention rate).  Therefore, if the provider indicates to have the capacity for 
300 bOHP patients a year, that original number of patients will dwindle year to year based on 
case acceptance and retention.  However, the program is ongoing, so the provider will continue 
to get new patients due to the bOHP program; thus, the provider has the potential to see another 
300 bOHP patients the second year.  As this is not feasible and a practice will eventually reach 
capacity, the bOHP ceiling briefly mentioned above comes into play.  In this second year, the 
patients from year 1 count towards the overall bOHP ceiling, so you will be able to see less 
bOHP patients the second year.  These patients seen in the second year of incorporating a 
program will again dwindle year to year due to case acceptance and retention.  At any point, the 
total of bOHP patients cannot exceed the limit imposed on the model by multiplying inputs 1 and 
2.  The following table (table 6) is an example of how the bOHP patients change per year.  In the 
following example, the ceiling is set at 376 bOHP patients.  The columns and rows represent 
years incorporating a program such as bOHP.  The columns represent a single yearly cohort of 
patients.  Thus in the first column, you can see 376 bOHP patients, but in year 2 due to case 
acceptance, the number of patients from year 1 is down to 243, and in year 3 is drops even more 
due to attrition.  The rows represent the total number of bOHP patients.  Thus, in the first row, a 
practice just started incorporating the bOHP program, so there is only one number included in 
 
 10 
the total.  In row 2, there are 243 patients left from year 1 of incorporating bOHP, and the roof of 
376 is still present, you have the capacity to only see 133 bOHP patients that second year.  This 
trend repeats itself, so in each row the total should be no more than 376, the bOHP roof. 
Table 6.  bOHP patients per year 
After determining the bOHP patient numbers, we then turned our attention to referral 
patients.  Much like with the bOHP patients, we had to have a starting number and a roof.  For 
the starting number of patients, we took the starting number of bOHP patients (in the previous 
example 376, 133, 82, etc.) and multiplied it by input 4, referral patients per bOHP patient.  As 
mentioned previously, the referral patients do not come into play until 1 year after incorporating 
the bOHP program.  For example, if in year 1a practice performed 376 bOHP exams and each 
bOHP patient could potentially bring in 4 referral patients, then in year 2, a practice could 
possibly gain 1,504 referral patients.  As this is unrealistic, again we needed to place a limitation 
on this.  One of the benefits of seeing these bOHP patients, is that the exams are brief, take up 
minimal dentist time, and can be performed anywhere, freeing up chairs for more traditional 
patients.  As these patients get older, these principles don’t hold true as they will likely need to 
get seen in traditional dental chairs for a rubber cup prophylaxis.  The same holds true with 
referral patients; these referral patients will need to be seen in traditional dental chairs and will 
take up more of the dentist’s time.  Because of this principle, we elected to have a separate roof 
for referral patients, and when the bOHP patients reach age 4 necessitating the need to be seen in 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Total
1 376 376
2 243 133 376
3 208 86 82 376
4 177 74 53 72 376
5 152 63 46 46 70 376
6 130 54 39 40 45 69 376
7 111 46 33 34 38 45 69 376
8 95 39 28 29 33 38 45 69 376
9 81 34 24 25 28 33 38 45 69 376
10 69 29 21 21 24 28 33 38 45 69 376
11 59 25 18 18 21 24 28 33 38 45 69 376
12 51 21 15 15 18 20 24 28 33 38 45 69 376
13 43 18 13 13 15 17 20 24 28 33 38 45 69 376
14 37 15 11 11 13 15 17 20 24 28 33 38 45 69 376
15 32 13 9 10 11 13 15 17 20 24 28 33 38 45 69 376
16 27 11 8 8 9 11 13 15 17 20 24 28 33 38 45 69 376
17 23 10 7 7 8 9 11 13 15 17 20 24 28 33 38 45 69 376
18 20 8 6 6 7 8 9 11 13 15 17 20 24 28 33 38 45 69 376
 
 11 
traditional chairs, they will then contribute to the referral patient roof.  The referral patient roof is 
derived from input 10, which asks how many patients your practice can handle until it is at max 
capacity.  While this input will be customizable, we arbitrarily set it at 200 patients for this 
project and the results presented.  According to practice management literature, the average 
general dentist needs 15-20 new patients a month34, and as there are 12 months in a year, this 
means the average general dentist needs 180-240 patients a year, which is how we arrived at 200 
patients a year.  The following table (table 7) is an example of how referral patients change per 
year.   As shown, the referral patients do not come into play until year 2, and the referral patients 
are subject to being multiplied by case acceptance and the retention rate similar as seen with the 
bOHP patients.  As the years progress, you can see less and less referral patients since the bOHP 
patients are maturing and are beginning to contribute towards the referral ceiling.  As seen 
below, the total of patients contributing to the referral ceiling cannot exceed 200 patients.  
Table 7. Referral patients a year 
Section 2.2: Survey Development and Distribution  
After determining our input values (table 1), we performed a literature review to assess 
what these numbers were in practice.  We scoured practice management literature, websites, and 
blogs and got some semblance of what these numbers were, but they varied resource to resource.  
Because of this, we elected to sample practicing general dentists in order to determine averages 
we could use to plug into the model.  We surveyed two separate convenience samples of general 
dentists.  The first distribution was sent to 3,102 dentists practicing in the North East portion of 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Running Total
1 0 0
2 0 200 200
3 0 99 101 200
4 0 75 50 75 200
5 0 57 38 37 68 200
6 0 43 29 28 34 66 200
7 0 33 22 21 26 33 66 200
8 0 25 17 16 19 25 33 66 200
9 0 19 13 12 15 19 25 33 66 200
10 0 14 9 9 11 14 19 25 33 66 200
11 0 11 7 7 8 11 14 19 25 33 66 200
12 0 8 5 5 6 8 11 14 19 25 33 66 200
13 0 6 4 4 5 6 8 11 14 19 25 33 66 200
14 0 5 3 3 4 5 6 8 11 14 19 25 33 66 200
15 0 4 2 2 3 4 5 6 8 11 14 19 25 66 33 200
16 0 3 2 2 2 3 4 5 6 8 11 14 19 50 16 57 200
17 0 2 1 1 2 2 3 4 5 6 8 11 14 38 12 28 63 200
18 0 2 1 1 1 2 2 3 4 5 6 8 11 29 9 21 31 65 200
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the United States, the second distribution was sent to 4,000 dentists practicing in North Carolina.  
While this survey was targeted towards general dentists and the convenience samples consisted 
mainly of general dentists, other specialties received the survey and were able to respond.  While 
we were mostly interested in the 10 input values listed in table 1, we also gathered demographic 
information as well as information on the patient population these dentists were seeing.  We 
worked with UNC’s Odum Institute for Research in Social Science, and the surveys were 
distributed electronically via a Qualtrics survey link.  Each group received the initial survey link, 
and then a reminder approximately 1 week later.  The results of the survey will be discussed in 
further detail in Chapter 3.   The survey composition is outlined in the following (table 8).  We 
allowed survey participants to skip questions if they preferred not to respond, and we prompted 
participants to answer to the best of their ability and that best guesses or approximate 
assessments were fine.  
Question 
Number 
Question Answer Choices 
1 Which of the following best describes your practice?  -General Dentistry  
-Dental Public Health  
-Endodontics  
-Oral and Maxillofacial Pathology  
-Oral and Maxillofacial Radiology  
-Oral and Maxillofacial Survey 
-Orthodontics and Dentofacial Orthopedics 
-Pediatric Dentistry  
-Periodontics 
-Prosthodontics   
2 How many years have you been practicing dentistry?  I less than 1, 
please enter 0. 
Free text 
3 What is your gender? -Male 
-Female 
4 In what zip code do you practice?  If you practice in multiple 
locations, consider the most predominant practice location.  
Free text  
5 In terms of reimbursement, approximately what percent of your 
practice population consists of fee-for-service, private-insured, 
Medicaid-insured, or other. 
Participants typed in percentages next to each 
answer choice, with the total adding up to 100% 
-Fee for service 
-Private insured 
-Medicaid insured  
-Other  
6 In a typical business week, what is your capacity for additional new 
patient exams (beyond those already scheduled)?  Answer in hours.  
Free text  
7 In a typical year consisting of 52 weeks, how many weeks do you 
practice? 
Free text  
8 In your practice, on average, an established patient will bring in how 
many additional patients throughout the course of the practice-patient 
relationship?  
Free text 
9 In your practice, what do you estimate is the probability of a new 
patient exam leading to a long-term patient relationship? (case 
acceptance rate)  












10 What is your practice’s average yearly patient retention rate? (opposite 
of attrition)  










11 In your practice, do you see pediatric patients? (17 years and younger)  -Yes 
-No 
(If patients answered no, they were allowed to skip 
questions pertaining to pediatric patients)  
12 Do you see patients younger than 12? -Yes 
-No 
13 Do you see patients younger than 6? -Yes 
-No 
14 Of your pediatric patients (17 years and younger), what is the average 












-12 months or longer 
15 Of your pediatric patients (17 years and younger), how often do you 





-15 months  
-18 months  
-21 months 
-24 months or longer  
16 Of your pediatric patients (17 years and younger), in what percent are 
you sealing first and second permanent molars?  










17 Of your pediatric patients (17 years and younger), what percent get 
fluoride treatments?  










18 Of your adult patients (18 years and older) what is the average recall 














-12 months or longer 
19 Of your adult patients (18 years and older), how often do you typically 




-15 months  
-18 months  
-21 months 
-24 months or longer 
20 Of your adult patients (18 years and older), what percent get fluoride 
treatments?  










Table 8.  Survey composition 
Section 2.3: Model Testing 
After constructing the model and obtaining our survey results, the next step was to 
amalgamate the two. The goal of the survey was to obtain average inputs that would represent a 
practicing general dentist for descriptive purposes, however the emphasis remains on the model 
being customizable to each individual practice.  The survey results will also act as prompts for 
practitioners when inputting their practice parameters, meaning they can see what other dentists 
put which may help in answering for their practice.  Also, if a dentist is unsure of a number, they 
can utilize the averages found within the survey.   
In general, a model is a simplification of real life occurrences.  While constructing a 
model it is important to make it complex enough to make it meaningful but simple enough to 
make it generalizable.  A Monte Carlo simulation, also known as multiple probability simulation, 
is used in a variety of fields in order to model the probability of different outcomes in a process 
that cannot be easily predicted.  It’s especially useful in situations in which there is uncertainty 
due to the interaction of multiple variables35.  The Monte Carlo method was first described in the 
literature in 194936, and it’s use in the dental field is not a novel concept.  There are numerous 
studies that utilize the Monte Carlo method, especially in dental radiology studies, with the most 
recent study evaluating radiation dose in dental cone-beam computed tomography published 
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March 202037.   As our model is based on the interaction of multiple, constantly changing 
variables, we elected to incorporate a Monte Carlo Simulation into our model.  To run such a 
simulation, we randomized the users inputs based on the distributions found within our survey as 
opposed a normal random distribution, as our survey answers did not follow a standard curve.  
Based on the users’ inputs, a random number is chosen following the survey distribution, but 
within 5 standard deviations of the users’ input.  Via the Monte Carlo simulation, we are able to 
run this simulation 1,000 times, getting different iterations of user inputs with each simulation 
and thus different results.  Therefore, a user is able to visualize all of the different probabilities of 
incorporating a child oral health program.    
The last step was to test the model on an actual practice.  A private general dental 
practice located in a small town in rural Iowa was chosen.  The practitioners were able to provide 
most of the inputs, except for referral patients per established patient and yearly retention rate.  
As they were unable to provide these answers, the averages found within the survey were 
utilized.   
Section 2.4: Input Sensitivity Analysis  
 After utilizing the model and showing that it can work, the next step was to test the 
sensitivity of each input; we wanted to see how changing each input affects the overall final 
result.  To perform this analysis, for each input, we ran the simulation 10 times while changing 
the desired input at equal intervals.  While running each simulation, we kept all other inputs 
stagnant, as the averages found within the survey.  The single output chosen for each iteration 
was the average total income over 18 years.  For this analysis, our main focus was on the overall 
shape of the graph rather than the actual inputs utilized and outputs shown.  We wanted to obtain 
an overall feel of how each input affects bottom line, by comparing graphical shapes.  The 
following table shows what 10 numbers were chosen for each individual input.  
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Input Description Numbers chosen 
1 NPE/week 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 
2 Weeks practiced/yr 34, 36, 38, 40, 42, 44, 46, 48, 50, 52 
3 Case Acceptance 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% 
4 Referral patients 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 
5 Retention rate 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% 
6 RC interval 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 
7 BW frequency 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 
8 Sealant percentage 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% 
9 Medicaid percentage 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100% 
10 Pts until max 50, 100, 150, 200, 250, 300, 350, 400, 450, 500 









CHAPTER 3: RESULTS 
 
 The results will be discussed in 4 parts.  Part 1 will outline the direct results from the 
survey.  Part 2 will outline the results of the synthesis of the survey and model.  Part 3 will 
outline the results from inputting the private practice’s parameters into the model.  Part 4 will 
discuss the sensitivity analysis performed on each input.   
Section 3.1: Survey Results  
Survey distribution is found in table 10, and selected results from the survey are found in 
table 11. The first survey distribution was sent to 3,102 practicing dentists.  Of these, we 
received 47 unique responses for a response rate of 1.52%.  The second survey distribution was 
sent to 4,000 practicing dentists.  Of these, we received 212 unique responses for a response rate 
of 5.30%.  Of the 237 individuals who disclosed gender, 160 (67.5%) identified as male and 77 
(32.5%) identified as female.  Of the 251 individuals that disclosed practice type, 213 (84.9%) 
were general dentists, 11 (4.4%) were pediatric dentists, 9 (3.6%) were orthodontists, 6 (2.4%) 
were in dental public health, 5 (2.0%) were endodontists, 3 (1.2%) were periodontists, 2 (0.8%) 
were oral and maxillofacial surgeons, 1 (0.4%) was an oral and maxillofacial pathologist, and 1 
(0.4%) was a prosthodontist.  Of the 240 who disclosed how many years they were practicing, 
the mean years in practice was 21.2 years, with a minimum of 0 years, and a maximum of 53 
years.  223 individuals disclosed the financial make up of their practices; on average, 38.3% of 
their practice consisted of fee-for-service patients, 49.8% consisted of private insured patients, 
9.6% consisted of Medicaid insured patients, and 2.3% consisted of other.  Of the 199 
individuals who answered, 190 (95.4%) saw pediatric patients 17 and younger, 187 (94.0%) saw 
pediatric patients 12 and younger, 169 (84.9%) saw pediatric patients 6 and younger.  Of the 214 
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individuals who answered, on average a practice could accommodate 5.7 new patient exams a 
week beyond those already scheduled.  Of the 213 individuals who answered, the average 
number of weeks practiced was 47.1. Of the 212 individuals who answered, the average case 
acceptance was 71.8%.  Of the 199 individuals who answered, the average retention rate was 
79.1%.  Of the 203 individuals who answered, an average established patient will attract an 
additional 3.7 referral patients.  Of the 186 individuals that answered, the average recall interval 
for pediatric patients (17 years and younger) is 6.5 months; of the 194 individuals that answered, 
the average recall interval for adult patients (18+ years) is 6.4 months.  Of the 184 individuals 
that answered, the average bitewing frequency for pediatric patients (17 years and younger) is 
14.3 months; of the 192 individuals that answered, the average bitewing frequency for adult 
patients (18+ years) is 14.4 months.  Of the 183 individuals that answered, the percent of 
pediatric patients (17 years and younger) getting fluoride treatments at re-care appointments is 
86.7%%, of the 183 individuals that answered, the percent of adult patients (18+ years) getting 
fluoride treatments at re-care appointments is 30.4%.  Of the 184 individuals that answered, 
64.6% of pediatric patients (17 years and younger) are getting sealants on first and second 
molars.  
 
Table 10. Survey distribution 
 
Distribution Responses Rate
Survey Distribution #1 (NE US) 3,102 47 1.52%




Table 11. Survey results 
 
Section 3.2: Survey and Model Synthesis  
 To determine the financial benefit from seeing these bOHP patients in the average 
general dental office, we took the results we obtained from the survey, and input them into the 
model.  The following (table 12) breaks down the inputs we used to obtain the results that will be 
discussed.  The first 9 inputs are the averages directly obtained from the survey, which was 
discussed previously.  Input 10, patients until max capacity which will help us define the referral 
patient ceiling, was set at 200 and derived from the literature (see methods for further details).   
 
 
Table 12. Inputs from survey utilized in model  
As stated in the methods section, these inputs were randomized based on the distributions 
found within the survey and a Monte Carlo simulation was run.  The following numbers are the 
Survey Results Min Max Mean Median Std Dev Count
Capacity for NPE/week 0 40 5.69 4 5.77 214
Weeks/year practiced 10 52 47.1 48 5.57 213
Case acceptance 5 95.5 71.81 75.5 19.81 212
Referral patients/established patient 0 25 3.69 3 3.16 203
Yearly retention rate 5 95.5 79.11 85.5 16.33 199
Pediatric recall interval 2 12 6.45 6 1.19 186
Adult recall interval 1 12 6.44 6 1.69 194
Pediatric BW frequency 6 25 14.34 12 4.45 184
Adult BW frequency 3 24 14.47 12 4.29 192
Pediatric fluoride frequency 5 95.5 86.7 95.5 18.2 183
Adult fluoride frequency 5 95.5 30.4 15.5 30.2 190
Sealant percentage 5 95.5 64.62 75.5 32.29 184
Input Mean
1. Capacity for NPE/week 5.69
2. Weeks/year practiced 47.1
3. Case acceptance 71.81
4. Referral patients/established patient 3.69
5. Yearly retention rate 79.11
6. Recall interval 6.45
7. BW frequency 14.34
8. Sealant percentage 64.62
9. Percent of practice Medicaid insured 9.59
10. Patients until max capacity 200
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obtained from analyzing the 1000 iterations of the simulation.  Select numbers will be discussed 
in text, while the complete numbers will be shown in the table (table 13).  The average financial 
gain from incorporating a program such as bOHP for one year is $37,243; at year 6, this jumps to 
$121,563, at year 9-$125,759, at year 12-$128,237, at year 15-$131,195, and at year 18-
$130,977.  The average yearly financial gain is $118,270.  In summation, after 18 years of 
incorporating a child oral health program, the average financial gain is $2,128,852, with the 
maximum gains at $2,788,086 the minimum at $1,347,147. 
 
Table 13. Results from table 12 inputs utilized in model  
 
 Average Median Std Dev Maximum Minimum 
Year 1 $37,242.95 $35,820.63 $ 8,064.21 $74,750.54 $21,236.87 
Year 2 $83,703.54 $83,601.98 $19,036.36 $137,528.51 $39,528.21 
Year 3 $ 99,300.73 $99,101.94 $15,940.23 $145,390.71 $ 58,999.30 
Year 4 $117,060.06 $117,195.24 $17,063.13 $168,662.96 $74,933.28 
Year 5 $119,908.38 $119,882.56 $15,862.40 $166,653.81 $80,085.90 
Year 6 $121,563.29 $121,561.68 $15,106.37 $163,050.96 $163,050.96 
Year 7 $127,055.89 $126,932.31 $15,355.18 $165,285.24 $ 88,333.05 
Year 8 $129,738.20 $129,405.71 $14,935.97 $165,852.67 $88,220.66 
Year 9 $125,759.44 $125,704.99 $14,970.75 $161,207.88 $76,067.16 
Year 10 $127,317.24 $127,081.82 $15,170.18 $162,404.28 $74,539.70 
Year 11 $127,662.93 $127,759.58 $15,421.71 $162,968.13 $71,829.60 
Year 12 $128,237.02 $128,875.60 $15,665.57 $163,604.51 $69,962.14 
Year 13 $130,557.74 $131,417.56 $15,776.41 $165,390.10 $72,084.10 
Year 14 $129,423.33 $130,516.88 $16,063.24 $164,588.73 $67,870.47 
Year 15 $131,195.07 $ 132,341.03 $17,004.07 $171,527.03 $66,967.99 
Year 16 $131,110.46 $132,193.76 $17,009.43 $168,377.04 $65,792.07 
Year 17 $131,038.26 $132,597.83 $17,041.81 $165,835.85 $64,811.45 
Year 18 $130,977.14 $132,691.35 $17,094.41 $165,359.00 $63,978.21 
Yearly $ 118,269.54 $ 127,420.70 $2,177.73 $ 171,527.03 $21,236.87 








Figure 2. Cumulative added income incorporating early child oral care 
 
Section 3.3: Private Practice Parameters and Model Synthesis  
To determine the financial benefit from seeing these bOHP patients in an actual general 
dental office, we input the parameters obtained from a private practice in rural Iowa into the 
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model.  The following (table 14) breaks down the inputs we used to obtain the results that will be 
discussed.  Inputs 1-3, and 6-10 were obtained from the practice, the highlighted inputs (4-5) 
were unknown by the practitioner and thus the averages found in the survey were utilized.  
 
Table 14. Inputs from private practice utilized in model 
 
Table 15. Results from table 14 inputs utilized in model 
As stated in the methods section, these inputs were also randomized based on the 
distributions found within the survey and a Monte Carlo simulation was run.  The following 
numbers are the obtained from analyzing the 1000 iterations of the simulation.  Select numbers 
will be discussed in text, while the complete numbers will be shown in the table (table 15).  The 
average financial gain from incorporating a program such as bOHP for one year is $93,806; at 
Input Value
1. Capacity for NPE/week 10
2. Weeks/year practiced 49
3. Case acceptance 90
4. Referral patients/established patient 3.69
5. Yearly retention rate 79.11
6. Recall interval 6
7. BW frequency 18
8. Sealant percentage 50
9. Percent of practice Medicaid insured 50
10. Patients until max capacity 588
 Average Median Std Dev Maximum Minimum 
Year 1 $93,805.71 $35,820.63 $47,259.50 $293,962.08 $26,215.05 
Year 2 $130,414.89 $120,627.92 $54,737.06 $339,896.00 $40,952.16 
Year 3 $168,887.83 $162,009.94 $50,141.52 $376,461.96 $76,975.11 
Year 4 $234,570.80 $215,529.37 $70,060.36 $518,042.95 $113,965.96 
Year 5 $249,059.39 $231,770.83 $66,078.24 $516,310.42 $132,866.03 
Year 6 $263,602.11 $247,558.96 $65,928.54 $530,220.09 $148,075.77 
Year 7 $279,089.96 $262,524.30 $65,896.76 $547,006.47 $163,272.65 
Year 8 $293,288.17 $274,940.09 $65,559.68 $560,000.76 $177,158.03 
Year 9 $293,629.21 $276,119.15 $65,181.60 $557,024.31 $180,675.81 
Year 10 $301,128.34 $283,038.53 $64,966.04 $563,719.51 $188,876.59 
Year 11 $306,238.94 $287,622.97 $64,742.65 $567,231.65 $195,209.91 
Year 12 $310,650.79 $290,986.83 $64,565.64 $570,140.80 $200,808.59 
Year 13 $317,618.10 $296,577.78 $65,744.53 $576,276.30 $207,550.31 
Year 14 $318,936.72 $297,963.16 $65,357.91 $576,006.37 $210,336.30 
Year 15 $321,438.48 $301,469.38 $65,321.28 $577,394.34 $213,903.28 
Year 16 $323,363.38 $304,003.02 $65,287.86 $578,267.45 $216,812.66 
Year 17 $324,961.94 $305,924.30 $65,271.72 $578,928.41 $219,305.64 
Year 18 $326,291.41 $307,346.10 $65,268.64 $579,427.63 $221,437.82 
Yearly $269,832.01 $279,578.84 $5,998.67 $579,427.63 $26,215.05 
Total $4,856,976.16 $4,525,324.11 $1,130,744.18 $9,406,317.49 $2,954,922.29 
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year 6, this jumps to $263,602, at year 9-$293,629, at year 12-$310,651, at year 15-$321,438, 
and at year 18-$326,291.  The average yearly financial gain is $269,832.  In summation, after 18 
years of incorporating a child oral health program, the average financial gain is $4,856,976, with 
the maximum gains at $9,406,317 the minimum at $2,954,922.   





Figure 4. Cumulative added income incorporating early child oral care in a private practice in Iowa 
Section 3.4: Input Sensitivity Analysis  
 As stated in the methods section, for the sensitivity analysis, we looked at each input 
separately.  While looking at each individual input, all other inputs were from the survey and 
remained unchanged.  The following tables (tables 16-25) show how each input was changed and 
the outputs derived from the simulation.  The following figures (figures 5-14) show the graphical 
representation of how changing each input affects bottom line.  Table 26 looks at the cumulative 
input sensitivity.  
             
             
             
             
             
             
             
             
             
             
             
              




1 2,342,129.09$  
2 2,551,019.88$  
3 2,759,681.84$  
4 2,968,572.63$  
5 3,177,234.59$  
6 3,386,125.38$  
7 3,559,568.75$  
8 3,214,131.27$  
9 2,811,462.33$  
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Table 17. Input 2 Sensitivity Analysis   Figure 6. Graphical depiction of input 2 Sensitivity Analysis 
 
  
             
             
             
             
             
             
             
             
             
             











             
             
             
             
             
             
             
             
             
             
             
              
Table 19. Input 4 Sensitivity Analysis   Figure 8. Graphical depiction of input 4 Sensitivity Analysis 
 
INPUT 2 OUTPUT
34 3,099,714.67$  
36 3,156,404.69$  
38 3,213,323.55$  
40 3,270,242.40$  
42 3,326,932.42$  
44 3,383,851.28$  
46 3,440,770.13$  
48 3,497,460.16$  
50 3,554,379.01$  
52 3,545,194.25$  
Weeks practiced/yr
INPUT 3 OUTPUT
50% 3,422,302.68$  
55% 3,430,184.80$  
60% 3,437,104.13$  
65% 3,443,186.36$  
70% 3,448,533.74$  
75% 3,453,230.26$  
80% 3,457,345.53$  
85% 3,460,937.63$  
90% 3,464,055.45$  
95% 3,466,740.40$  
Case Acceptance
INPUT 4 OUTPUT
1 1,426,778.86$  
2 2,428,682.37$  
3 2,551,019.88$  
4 2,551,019.88$  
5 2,551,019.88$  
6 2,551,019.88$  
7 2,551,019.88$  
8 2,551,019.88$  
9 2,551,019.88$  




             
             
             
             
             
             
             
             
             
             
             
              






             
             
             
             
             
             
             
             
             
             
              
 







             
             
             
             
             
             
             
             
             
             
              





55% 3,253,984.74$  
60% 3,279,347.61$  
65% 3,312,370.92$  
70% 3,354,325.34$  
75% 3,406,611.32$  
80% 3,470,794.48$  
85% 3,260,740.47$  
90% 2,719,101.75$  
95% 3,099,777.50$  
Retention Rate
INPUT 6 OUTPUT
3 4,785,379.73$  
4 4,154,064.06$  
5 3,775,274.65$  
6 3,522,748.38$  
7 3,342,372.47$  
8 3,207,090.54$  
9 3,101,871.26$  
10 3,017,695.84$  
11 2,948,825.04$  
12 2,891,432.70$  
RC Interval
INPUT 7 OUTPUT
6 3,534,920.06$  
8 3,501,848.64$  
10 3,482,005.79$  
12 3,468,777.23$  
14 3,459,328.25$  
16 3,452,241.52$  
18 3,446,729.62$  
20 3,442,320.09$  
22 3,438,712.30$  





             
             
             
             
             
             
             
             
             
             
             
              






             
             
             
             
             
             
             
             
             
             
              
 





             
             
             
             
             
             
             
             
             
             
             
              




50% 3,451,814.66$  
55% 3,453,665.98$  
60% 3,455,517.31$  
65% 3,457,368.63$  
70% 3,459,219.96$  
75% 3,461,071.28$  
80% 3,462,922.60$  
85% 3,464,773.93$  
90% 3,466,625.25$  
95% 3,468,476.58$  
Sealant Percentage
INPUT 9 OUTPUT
10% 3,364,737.10$  
20% 3,155,418.19$  
30% 2,946,099.29$  
40% 2,736,780.38$  
50% 2,527,461.47$  
60% 2,318,142.57$  
70% 2,108,823.66$  
80% 1,899,504.75$  
90% 1,690,185.84$  
100% 1,480,866.94$  
Medicaid Percentage
INPUT 10 OUTPUT
50 1,672,198.28$  
100 1,836,843.69$  
150 2,460,842.08$  
200 3,641,020.00$  
250 4,174,386.78$  
300 4,707,753.56$  
350 5,241,120.35$  
400 5,774,487.13$  
450 6,307,853.91$  
500 6,841,220.69$  





























AVERAGE CHANGE PER 
UNIT INCREMENT 
AVERAGE % CHANGE 
PER UNIT INCREMENT
1 NPE/week 19.7% 1  $                          51,154 1.73%
2 Weeks practiced/yr 14.4% 2 49,498$                           1.48%
3 Case Acceptance 1.3% 5% 4,938$                             0.14%
4 Referral Patients 78.8% 1 124,916$                        5.15%
5 Retention Rate -4.2% 5% 173,443$                        -0.46%
6 RC Interval -39.6% 1 (210,439)$                       -6.06%
7 BW Frequency -2.8% 2 1,851$                             -0.32%
8 Sealant percentage 0.5% 5% 1,851$                             0.05%
9 Medicad percentage -56.0% 10% (209,319)$                       -8.64%








CHAPTER 4: DISCUSSION 
 
 The overarching goal of this project was to develop a customizable business model 
template that general dentists could use to aid in the decision making of whether to incorporate a 
child oral healthcare program, which is precisely what we did.  The model development 
component took place throughout the entirety of the project timeline and grew in complexity as 
the project progressed.  Realism was built into the model via two separate patient roofs, 
randomization of the inputs, and incorporation of a Monte Carlo simulation.  The purpose of the 
model was to be completely customizable, and the survey was used in order to provide 
practitioners with default inputs if a provider was unsure of any practice characteristics.  The 
model demonstrated that incorporation of a child oral health care program in a practice in which 
there is capacity can be financially beneficial, and over 18 years can bring in an additional $2 
million dollars.  Furthermore, not all inputs were created equal, and some affected profits more 
than others, in particular input 10-patients until max capacity, or the referral patient roof.  The 
following will discuss our findings further.  
While we gleaned valuable insight from our survey, it’s important to interpret the results 
in the context of the study’s limitations. Our survey was sent to two distinct areas within the 
United States and our response rate was relatively low, with respondents identifying mostly as 
male, which may jeopardize the generalizability of the results.  However, as the averages were 
merely a jumping off point and the model inputs can be customized to each individual practice, 
this is not a limiting factor in the utility of the model.  When comparing the results of the survey 
to the rough estimates we found in the literature, we found most were similar and there were no 
real outliers or surprises.  While re-care intervals should ideally be tailored to each individual’s 
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needs and risk, the historical interval is typically 6 months.  In the survey we attempted to tease 
out if the ideal interval varied from the actual interval.  We hypothesized that although the ideal 
interval may be 6 months, due to scheduling issues and constraints, that the actual interval may 
be a little bit longer.  However we did not find this to be true, with both pediatric and adult recall 
intervals at 6.4 months.  In general, we did not see a large difference in responses of answers 
where we tried to differentiate pediatric and adult patient populations, with the recall and 
bitewing intervals being very similar, but there was a stark difference in the use of fluoride 
treatments at re-care appointments.  Nearly 90% of pediatric patients received a fluoride 
treatment at their re-care appointments, but only 30% of adults received treatments, although the 
American Dental Association recommends fluoride treatments for all high risk individuals38. 
While we didn’t differentiate the use of sealants in the pediatric vs. adult population, we did find 
that in our study sealant usage at about 65% was higher than the national average, which is about 
50%39, which is promising as the efficacy of pit and fissure sealants is well documented40.  
 As stated previously, the model was an ever-evolving entity throughout the project, 
constantly changing and growing in complexity.  The first drafts of the model lacked a ceiling or 
roof for both the bOHP and referral patients, and we found the financial benefits of seeing these 
patients astronomical but unrealistic.  While a basic assumption of this model is that a practice 
has some capacity to see these patients, eventually a practice will become saturated and the rate 
at which you see these new patients must change; the original model output graphs were linear.  
Introducing the ceilings added realism to the model, and the graphical representation was much 
more realistic.  With the addition of the Monte Carlo simulation, we are able to see hundreds of 
possibilities of incorporating such a program, but the shape of the graph is logical and changes 
only slightly with each iteration.  In the beginning of program adaptation, we see a linear rise in 
the income garnered, however this rate slows and eventually plateaus.  The steep rise in the 
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beginning is because you are constantly adding new patients, both bOHP patients in year 1 and 
then referral patients from then on, and the plateau is due to the reciprocation of adding new 
patients and losing patients due to attrition.  If the addition of new patients is at a rate that 
counteracts the loss due to attrition, the additional income stays relatively steady.  If attrition 
outpaces the addition of new patients, the slope will be negative and yearly income figures will 
slowly dwindle.  An example as shown by the minimum in figure 1.  Changing the inputs will 
shift the graph, but the overall shape of the graph will stay the same.  As expected, the 
cumulative income graph (figure 2) is approximately linear, with the differences in total income 
becoming more diverse the longer you implement the program.  This demonstrates the 
variability, with the minimum total cumulative income at a little under $1.5 million over 18 years 
and the maximum total cumulative income at being a little over $2.5 million over 18 years.  
While figure 1 and 2 depict the outcomes from the averages found in the survey, figures 3 and 4 
depict the outcome from the private practice in Iowa.  As expected, the shapes of the graphs are 
very similar, however the financial gains differ drastically.  For example, in figure 4 which 
depicts the cumulative income gained from program implementation in a private practice in 
Iowa, the minimum cumulative financial gain over 18 years is about $2.5 million, whereas the 
maximum is nearing $8 million.  This varies drastically from the first example which used inputs 
found in the survey and literature.  While some inputs were the same or similar in both examples, 
others varied quite a bit which brings us to the input sensitivity analysis.    
 With a model that depends on the interaction of so many variables, a natural question 
arises.  Which input(s) affect the model the most?  How do these inputs interact and vary?  In 
general, most input graphs are straight forward.  However, the inputs where the number of bOHP 
patients and referral patients interact takes a bit to grasp as in the model their interaction is 
complicated.  As stated in the methods, there are two separate roofs; one for bOHP patients and 
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one for referral patients.  After year 4, the bOHP patients contribute towards the referral roof.  In 
general, the income garnered from bOHP patients is less than that garnered from referral 
patients; as stated in the methods, the bOHP patient income is from preventive services only, 
whereas the income potential from the referral patients is from both preventive and restorative 
services and is derived from the ‘average worth’ of a patient in a general dental practice.  If we 
keep these things in mind, the graphs are easier to decipher.  The graph shown for input 1 
(NPE/week, figure 5) shows how the balance of bOHP patients and referral patients must be kept 
in mind.  If you oversaturate a practice with bOHP patients, which eventually contribute towards 
the referral roof, the practice becomes overrun with these bOHP patients and we see a dip in the 
income. However, eventually the roof for bOHP patients will be met, and the trend in income 
then plateaus.  This shows that there is a sweet spot when incorporating such a program.  A 
practice should want to bring in bOHP patients at a steady rate, but make sure it doesn’t clog up 
the practice so the practice fails to take advantage of the bonus referral patients that those bOHP 
patients bring in.  For input 2 (Weeks practiced/yr, figure 6) the slope is linear, and then plateaus.  
This just shows that the more weeks you practice, meaning the more patients you can see as a 
part of the bOHP program, will increase income steadily until the patient ceiling is met, which is 
represented by the plateau.  The graph showing the effect of input 3 (case acceptance, figure 7) is 
relatively simple to grasp-as you increase the amount of patients who will become active 
participants in the practice, the income increases as well.  Figure 8, which shows how input 4 
(referral patients) affects the model is straight forward as well- the income from referral patients 
increases until you hit the referral patient roof.  The graph depicting input 5 (retention rate, figure 
9) is trickier to decipher as well, but the principles discussed earlier for input 1 can be used here 
as well.  The dip at around 80% represents the oversaturation of bOHP patients, which leaves 
less room for the more lucrative referral patients.  This trend then reverses as the bOHP roof is 
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met which restores the balance. The remaining input graphs are straight forward as well, as recall 
and bitewing intervals increase (shown in figures 10 and 11), the financial gains decrease as 
practitioners are seeing the patient less frequently.  Similarly, as the percentage of a practice that 
is insured by Medicaid increases, the financial returns decreases (shown in figure 13).  
Conversely, as the percent of patients who receive sealants increases, the financial gains increase 
proportionately (shown in figure 12).  This trend is seen with input 10 (pts until max) as well-as 
the number of patients a practice can handle increases, financial return increases (seen in figure 
14). This graph isn’t completely linear however, and this is again due to the intricate balance 
between bOHP and referral patients.   
The numbers chosen to evaluate the input sensitivities and the axes on the graphs vary 
input to input.  Because of this, we elected to explore the average change in income per unit 
increment.  For example, for input 1 (NPE/week), we see that adding 1 more patient a week will 
bring in a little over $50,000 in annual income, a moderate change.  Conversely, for input 8 
(sealant percentage) for every 5% increase in the practice population that obtains sealants, our 
annual income will increase a little under $2,000.  Some inputs that stick out during this analysis 
include input 10 (patients until max capacity) and input 6 (RC interval).  For every 50 patients 
the referral roof increases, the annual income will increase over $500,000.  For every month you 
extend recall intervals, a practice can lose a little over $200,000 per year.  However, one must 
consider what each input value really means and how a practice can manipulate these.  It makes 
sense that the more often you see these patients for their re-care appointments, the more money a 
practice can bring in.  However, each re-care interval should be individualized to patient need 
and bringing in a patient more often just to pad a practice’s pocket book is unethical.  What it 
does show, however, is that it is financially beneficial to keep track of re-care intervals and 
ensure patients are returning in a timely manner.  While the numbers in these charts are 
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meaningful, the emphasis is on the shapes of the graphs.  The graphical representation of how 
these inputs affect the model is important for practitioners to understand.  In an area in which 
there is a lot of available patients, the retention and case acceptance rates do not matter as much.  
However, in an area in which there is a lot of competition, retention and case acceptance become 
very important; a practice needs to hold on to every patient that they can.  The patients a practice 
can handle until max capacity affects the financial return greatly; this concept is shown with the 
Iowa private practice example.  In the original example in which the average inputs from the 
survey were utilized, the cumulative income after 18 years was between $1.5-2.5 million; the 
private practice from Iowa could handle greater than 500 patients until max capacity, which 
means the cumulative added income over 18 years was between $2-8 million.  An important 
aspect to remember in this example is that even though a practice could conceivably handle over 
500 more patients, there is no guarantee those patients are available.  Furthermore, it’s important 
to keep in mind that there must be a balance between both bOHP and referral patients in order to 
maximize returns.  While seeing as many bOHP patients as possible may increase financial gains 
early on, in order to reap larger rewards later, a practice must ensure there is adequate space for 
referral patients as well. 
 While it’s relatively easy to make a qualitative or social argument on why general 
dentists should see children, in the past it’s been harder to make a compelling quantitative case.  
With this model, we have shown that incorporating a child oral heal care program is financially 
viable.  As the amount of debt recent graduates of dental school rises, it’s important to appeal to 
general dentists as business owners.  According to the most recent ADEA Survey of Dental 
Seniors, the average amount of debt for all dental school graduates is a little under $290,00041, a 
trend that has been on the rise.    Furthermore, the supply of general dentists has been on the rise 
and is expected to continue to rise for the foreseeable future42, due in part to the 13 new dental 
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schools that have opened since 200843.  With this increasing debt coupled with increased 
competition, it’s important for practices to set themselves apart and offer a broad scope of 
practice, including early child oral health services.  Another trend seen in medicine with dentistry 
more than likely following suit sooner rather than later, is the shift towards value-based care, and 
the emphasis of keeping patients healthy44,45.  This alludes to a changing reimbursement model 
in medicine and likely dentistry where practitioners will be paid to keep patients healthy as 
opposed to treating disease, a concept that is well aligned with the model offered here.   
 While this model can use used as a tool, it’s important to interpret the findings in light of 
its limitations, some of which are listed below.  
 The averages utilized in the model were obtained from a subset of dentists practicing in 
the North Eastern region of the United States and North Carolina, thus the results may not 
be generalizable.  
 The model assumes that a practice has the capacity, including both physical space and 
support staff, to accommodate these patients.  
 The model assumes that there are patients available to be seen.  
 Income from bOHP patients are from preventive services only. 
It is our hope this model shows that implementing a child oral health care program is 
financially beneficial and will be used to aid practitioners in their decision on whether to see the 
youngest of patients in their practices.  This is especially important in light of the changing 








CHAPTER 5:  CONCLUSIONS 
 
 Modeling the impact of dental programs in clinical practice provides a framework to 
determine possible implementation and maintenance of such programs. 
 This model offers customizable data for individual practices to determine the financial 
viability of incorporating an early childhood oral health care program into a general 
dental practice. 
 Under these study assumption, our modeling indicates that early childhood oral health 
care programs can be financially beneficial in a general dental practice; with sensitivity 
analyses indicating variability of inputs influencing the model and the need to balance 
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